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Material properties and biosynthetic activity of articular cartilage
from the bovine carpo-metacarpal joint
By Richard J. Lewis, Amrit K. MacFarland, Sothinathan Anandavijayan and Richard M. Aspden
Department of Orthopaedics, University of Aberdeen, Scotland
Summary
Objective: To determine the site variation of material properties and cellular biosynthetic activity, and to compare
these at each site, of articular cartilage from the bovine carpo-metacarpal joint in order to test its usefulness as a model
system for investigating the metabolic effects of mechanical stimuli.
Design: The mechanical properties and composition of full-depth biopsies of articular cartilage were measured at
defined sites in bovine carpometacarpal joints. Metabolic activity at the same sites was assessed by incubating further
biopsies in medium containing 35S-sulfate and 3H-leucine then measuring the incorporated radioisotope and cell
density. These results were compared with an estimate of the distribution of forces across the joint.
Results: Topographical variation of water content, stiffness, cell count or incorporated radioisotope was not
significant whereas collagen and glycosaminoglycan varied in different ways. A moderate correlation was found
between water and collagen contents, but the correlation between water and glycosaminoglycan contents was poor.
Neither compressive stiffness nor creep compliance was predicted strongly by any of the composition measurements.
A negative correlation was found between metabolic activity and cell density.
Conclusions: Defining the variation of tissue properties across the bovine carpometacarpal joint and the lack of
variation in biosynthetic activity will enable proper matching of experimental and control groups of biopsies in studies
of the effects of mechanical stimuli on the composition and mechanical properties of articular cartilage. In addition,
the lack of correlation between stiffness, water and glycosaminoglycan contents is further evidence that the
mechanical properties of the tissue depend significantly on factors other than these broad measures of composition.
Keywords: Articular cartilage, Chondrocytes, Mechanical properties, Metabolism.
Introduction
Articular cartilage provides a smooth, low-
friction bearing surface in diarthrodial joints. Its
greater compliance than bone means that loads
applied to the joint cause the tissue to deform and
distribute those loads over a larger area, resulting
in lower contact stresses. In both animal and
human joints there is generally a natural variation
of loading over the joint surface. For instance, in
the human hip joint the loading intensity
decreases from the superior aspect of the femoral
head to the inferior [1, 2]. It is well established that
cartilage chondrocytes can alter their biosynthetic
activity in response to mechanical stimuli, cyclic
loads tending to be stimulatory and static loads
inhibitory [3–9], but it is not yet known how these
responses are mediated. The sensitivity of the
chondrocytes and the variation in applied loads
generally results in differences in the mechanical
properties and the composition of the cartilage
over the joint surface as the chondrocytes adjust
the properties of the tissue to match the loading
demands being placed upon it. In the human hip,
knee and ankle there are gradations in the stiffness
[10–12] and composition of the articular cartilage
[10] corresponding to the loading pattern described
above.
One consequence of this is that articular
cartilage samples from different sites within the
same joint are not necessarily equivalent to one
another. They may have different compositions
and be habitually subjected to different mechan-
ical environments. This adds a further compli-
cation to the design of experiments investigating
the effects of mechanical stimuli on chondrocytes
in explant culture if it is required to use a number
of replicates for statistical reasons. It is essential,
therefore, to establish the natural variation of
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Fig. 1. (a) Diagram of the superior aspect of the bovine
carpo-metacarpal joint showing the medial compartment
from which the samples were removed according to the
map in (b) for composition or metabolic studies. (c)
shows the positions of the force sensitive resistor for
measurement of joint loading. The column numbers and
row letters marked in (b) are used in Fig. 2 to identify
the site of each measurement.
material and biological properties of the tissue
under scrutiny and, preferably, to use a tissue in
which this variation is small.
A corollary to this is that relating the
mechanical properties to the composition may
provide further insight into the relationship
between these. Though it is widely supposed that
collagen provides the tensile strength and proteo-
glycans the compressive stiffness, this is overly
simplistic and it is increasingly recognized that
our understanding of how the mechanical proper-
ties of cartilage derive from its composition and
structure is poor [13].
A number of animal joints have been used as a
source of articular cartilage for in-vitro exper-
iments. In contrast to human cartilage, animal
tissue is available in reasonable quantities, and in
good condition, at predetermined times from
animals of known age and clinical history. The
availability of human tissue is difficult to
determine in advance and, when available, is often
in such limited quantities that designing properly
controlled experiments can be difficult. The bovine
carpo-metacarpal (CMC) joint presents two, rela-
tively flat articular surfaces on the proximal end of
the metacarpus, somewhat similar to a human
tibial plateau [Fig. 1(a)]. Though the lateral facet
of the joint often has a defect in the centre of the
cartilage, the medial facet normally presents a
relatively flat, smooth joint surface enabling
almost uniform biopsies of articular cartilage to be
obtained. In order to determine the topographical
variation of cartilage properties across this aspect
of the joint, we measured the biomechanical,
biochemical and biosynthetic properties of full-
depth biopsies of articular cartilage and tried to
relate these findings to the normal loading
patterns expected to be experienced by the joint
in vivo.
Materials and methods
The distal parts of bovine front limbs, cut off a
few centimetres proximal to the carpal bones, were
obtained fresh from the abattoir from young
animals (under 2-years old). The carpo-metacarpal
joint was opened in sterile conditions and
full-depth articular cartilage biopsies removed
from the medial metacarpal surface using a 4 mm
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or 5 mm cork borer according to the map shown in
Fig. 1(b). The size of the biopsy and the spacing
between them was scaled according to the size of
the joint so that the same number of samples were
consistently removed from equivalent sites. Care
was taken to ensure that the joint surface was kept
moistened at all times. In separate experiments,
other joints were left intact, with only a small
antero-medial incision through the capsule for
measurement of the pattern of joint loading.
On removal, the biopsies were gently blotted
between damp, sterile gauze pads and weighed in
pre-weighed sterile tubes containing culture
medium. Different procedures were then performed
on different sets of biopsies.
mechanical and composition measurements
Explants were removed from 10 CMC joints as
described above and used to measure the mechan-
ical properties and the composition of the
cartilage. On removal, the thickness of the sample
was measured using a micrometer. Only one
measurement was taken because the slight press-
ure applied to the tissue by the instrument and the
time spent by the sample in air made repeated
measurements unreliable. Mechanical testing was
performed using an Instron 5564 materials testing
machine fitted with a 10 N load cell. The test
comprised an unconfined compression at a strain
rate of 100% min - 1 (0.017 s - 1) to an applied stress of
0.5 MPa followed by creep at this stress for 100 s.
From these data were determined the stiffness and
a creep compliance. The stiffness was calculated
from the maximum slope of the stress–strain curve.
The creep compliance was determined from the
difference in strains at the end of loading and 60 s
later divided by the applied stress (0.5 MPa) and is
a measure of how much deformation occurs in a
given time for a fixed load. This definition has the
advantage of removing any effects due to the
difficulty of starting the test with the loading anvil
in contact with the cartilage surface and effec-
tively separates the creep phase from the loading
phase. The biopsy was kept immersed in culture
medium for the duration of the test. After testing
the biopsies were allowed to re-equilibrate in
medium before being dried to constant weight at
37° C for 48 h, weighed, and the water content
determined from the difference between wet and
dry masses.
Biopsies were then digested in 20 ml · (cartilage
wet mass in mg) of papain solution (135 mg ml - 1
containing 0.1 M sodium acetate, 5 mM EDTA and
5 mM cysteine-HCl, pH 6.0) for 24 h at 65° C. Total
sulfated glycosaminoglycans were measured using
a dimethylmethylene blue (DMB) method modified
from that described by Stone et al. [14] for use in
a 96-well plate. The dye solution is unstable and
care was taken to ensure that the ratio of the
absorbances at 647 nm and 595 nm was between
1:1.3 and 1:1.5. Standard curves were obtained
using concentrations of chondroitin 6-sulphate
from 0–150 mg ml- 1 at 10 mg ml- 1 intervals. Quadru-
plicate 8 ml aliquots of 20 · diluted sample were
mixed in a 96-well plate with 200 ml of DMB
solution, and the absorbance read at 530 nm (using
a Dynatech MR5000 plate reader) 3 minutes after
addition of the dye. Collagen content was
measured in 100 ml aliquots of 10 · diluted sample
using a standard hydroxyproline assay [15].
Collagen content was calculated assuming 14 g
hydroxyproline per 100 g collagen [16]. Both
collagen and GAG concentrations were expressed
in terms of the wet and the dry mass of the tissue.
In order to remove possible inaccuracies in the
measurement of the wet mass, the ratio of
GAG:collagen was also calculated at each site.
in-vitro study
Similar biopsies, removed from a further 10 CMC
joints, were equilibrated overnight in culture
medium at 37° C in a 5% CO2 incubator. Culture
medium was Ham’s F12, without serum, buffered to
pH 7.4 with 1.18 mg ml- 1 sodium bicarbonate, and
supplemented with 50 mg ascorbic acid, 50 IU
penicillin and 50 mg streptomycin per ml. The
medium was then replaced with fresh medium
containing 0.92 MBq (25 mCi) ml- 1 of 3H-leucine and
0.37 MBq (10 mCi) ml - 1 of 35S-sulfate. After a further
4 h in culture, the radioactive medium was
removed and the explants were washed three times
for 5 min each with ice-cold phosphate-buffered
saline, containing the enzyme inhibitors 150 mM
EDTA, 5 mM benzamidine-HCl and 5 mM N-ethyl-
maleimide. This was previously shown effectively
to remove non-incorporated isotope. Chondrocytes
were isolated by overnight digestion in collagen-
ase at 37° C using 10 ml of Earle’s balanced salt
solution (EBSS), containing 20 mg ml - 1 dextran
sulphate and 2 mg ml- 1 collagenase, per mg of
tissue wet mass. After digestion aliquots were
taken for cell counting and scintillation counting.
To determine cell numbers 25 ml aliquots were
diluted, by adding an equal quantity of EBSS and
50 ml trypan blue stain, and counted in a
haemocytometer. Both viable and non-viable cells
were counted as this study only required cell
numbers, which were expressed as cells per
milligram of tissue. Radioactivity was measured by
diluting 20 ml of digest to 200 ml with EBSS, adding
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2 ml Hi-safe scintillation fluid (Wallac Scintil-
lation Products Ltd.) and counting in a Wallac
1409 liquid scintillation counter. Incorporation of
isotope into the tissue was expressed as nM g- 1
hour - 1 by dividing the measured disintegrations
per minute by the product of the specific activity
(calculated from the known concentrations of
sulphate and leucine in the medium) and the
labelling time. In order to remove confounding
effects due to possibly different numbers of cells in
each biopsy, these figures were also expressed as
incorporation rate per cell by dividing by the cell
density for that same site.
joint loading
The bovine CMC joint is a hinge-like joint that
closes in a posterior-to-anterior fashion during
extension. The pattern of joint loading, both
during closing and in the closed joint, was
determined using a force-sensitive resistor (FSR)
(Farnell Electronic Services, Harlow, Essex, U.K.).
This device is a flexible sensor, 0.35 mm thick,
which exhibits a non-linear decreasing resistance
with increasing force applied to the device surface.
The sensitive area of this transducer was a circle
4.5 mm in diameter. The sensor was protected in
plastic film to prevent water ingress, calibrated
using the Instron materials testing machine, and
inserted into the joint through an antero-medial
incision in the capsule. Its position was determined
by measuring the length of the transducer leads
protruding over the edge of the joint and its
distance medially from the midline of the joint.
Despite its comparable size to that of the biopsies,
accurate positioning was difficult and loading
information, therefore, has a lower spatial resol-
ution than the biopsies. A map showing the
positions from which loads were recorded is shown
in Fig. 1(c). Two force measurements were made
with the FSR inserted at each defined site within
the joint. Firstly, a closing force was applied by
hanging a 4 kg mass from a wire attached
anteriorly to the carpals just proximal to the CMC
joint. Secondly, the closed joint was placed in the
materials testing machine and a force of 500 N
applied. A larger force could not be used as this
would exceed the range of the FSR.
statistical analysis
Results are quoted as mean 2 standard devi-
ation, unless stated otherwise. Significant differ-
ences between sites for a given parameter were
determined using one-way analysis of variance
(ANOVA) with the null hypothesis being that there
was no difference between sites. Pairwise multiple
comparisons were done using Student-Newman-
Keuls method. If the data were not normally
distributed the non-parametric equivalent,
Kruskal–Wallis ANOVA on ranks, was used.
Correlations between parameters were calculated
using Spearman’s rank order correlation because
not all data were normally distributed. Normality
of distribution was tested using the Kolmogorov–
Smirnov test with the significance level set at 0.05.
Linear dependency between variables was assessed
using linear regression for two variables or best
subsets multiple linear regression for more than
two.
Results
mechanical and composition measurements
The thickness of the cartilage was
0.54 2 0.08 mm and there was no significant
variation over the surface of the joint. The
mechanical and composition measurements
showed that there was no significant topographical
variation in stiffness, 1.60 2 0.23 MPa (P = 0.15),
creep compliance, 0.105 2 0.030 MPa - 1 (P = 0.5) or
water content, 65 2 4% (P = 0.72). However, the
collagen content [Fig. 2(a)] and the GAG content
[Fig. 2(b)] did vary significantly with position in
the joint (P Q 0.002 and P = 0.0001 respectively).
Pairwise comparisons showed that the collagen
content was greatest in the postero-lateral region
[sites 1 and 2 in Fig. 1(b)], followed by the medial
peripheral sites, and lowest just behind the
antero-lateral lip in sites 9, 13 and 14. The
variation in GAG concentration was almost the
reverse of this in that the greatest values were
found more centrally at sites 5,6,7,9,10, and 11. No
difference was found in either of these distri-
butions whether the concentrations were ex-
pressed as fractions of the wet or the dry mass. The
ratio of GAG:collagen is shown in Fig. 2(c) and was
significantly greater in the central region of the
joint (sites 5,6,7,9,10,11,13 and 14) than in the
periphery.
Significant correlations between these five
parameters are shown in Table I and relationships
between some of these parameters were investi-
gated further using regression analysis. The
strength of the correlation between water and
collagen content (R2adj = 0.33) was better than that
between water and GAG (R2adj = 0.18) although
neither were very strong and water content varied
inversely with both GAG and collagen contents
(Fig. 3). A best subsets linear regression using R2adj
as the test criterion suggested that neither the
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Fig. 2. Variation of (a) collagen content, (b) glycosaminoglycan content and (c) ratio of GAG:collagen in articular
cartilage from the sites shown in Fig. 1(b). The bars show the mean and standard error of the mean. The inset shows
more clearly the distribution of these results within the joint. The column number, along the abscissa, and the shading
identify the site in the 3D representation from which the measurement was taken.
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Table I
Correlation coefficients and significance values for pairwise comparisons of
water, GAG, collagen, stiffness and creep compliance, calculated using
Spearman’s rank order correlation. In each block the figures quoted are the
correlation coefficient, R, the significance level, P, and the number of
samples, N. There was no correlation between stiffness and creep
compliance
GAG Collagen Stiffness Compliance
Water R - 0.44 - 0.59 0.25 0.29
P Q 0.001 Q 0.001 0.001 Q 0.001
N 170 153 170 170
GAG R 0.17 0.16 - 0.10
P NS 0.03 NS
N 153 170 170
Collagen R - 0.19 - 0.28
P 0.02 Q 0.001
N 153 153
stiffness nor the creep compliance of the tissue
were well predicted by the overall composition as
determined above. The regression equations were
found to be
E = - 0.29 + 11.0[GAG] + 2.3[water] (R2adj = 0.14)
and
Dc = 0.03 + 0.17[water] - 0.16[collagen] (R2adj = 0.10)
where E is the peak stiffness during the loading
phase in MPa, Dc is the creep compliance as
defined above in MPa - 1 and [x] denotes the
concentration of x in mass per unit wet mass.
in-vitro study
The in-vitro studies of cell density and radioiso-
tope uptake showed no significant topographical
variation. Cell density appeared to be lowest in the
centre of the joint but this was far from significant,
33500 2 8100 mg- 1 wet mass (P = 0.68). An apparent
trend of increasing isotope incorporation from
antero-lateral to postero-medial, which was similar
for both sulfate and leucine, failed in both cases to
reach significance: mean values 0.63 2 0.22 nmoles
g - 1 hour - 1 (P = 0.31) and 8.9 2 2.5 nmoles g - 1 hour - 1
(P = 0.39) respectively. Similarly, the ratio of
sulfate to leucine incorporation was effectively
constant over the whole surface of the joint.
Despite these small variations, pairwise corre-
lations between cell density and isotope incorpor-
ation and compositional factors are shown in
Table II and some of these reached significance.
The rate of leucine incorporation per unit mass of
tissue varied significantly with cell density while
that of sulfate incorporation was unaffected.
Incorporation of both leucine and sulfate showed
significant correlation with GAG and water
contents though in opposite directions; leucine
incorporation increased with water content and
decreased with GAG content whereas that of
sulfate increased with GAG and decreased with
water. Dividing the isotope incorporation rates by
the cell density enables the effects of cell density
to be removed and provides a measure of the
activity of each chondrocyte. Although the site
Fig. 3. Linear regression between (a) water and collagen
content ([water] = 0.81 - 0.78[collagen], R2adj = 0.33,
P Q 0.001, N = 170) and (b) water and GAG content
([water] = 0.76 - 2.95[GAG], R2adj = 0.18, P Q 0.001,
N = 170) from all sites in the carpo-metacarpal joint.
— regression; – – 95% confidence; — 95% prediction.
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Table II
Correlation coefficients for significant correlations
from pairwise comparisons of cell density, 3H-
leucine incorporation, 35S-sulfate incorporation,
water and GAG content calculated using Spear-
man’s rank order correlation. There were no
significant correlations involving collagen content.
In each block the figures quoted are the correlation
coefficient, R, the significance level, P, and the
number of samples, N
Leucine Sulfate
Cell density R 0.30 - 0.04
P Q 0.001 0.63
N 170 136
Water R 0.41 - 0.40
P Q 0.001 Q 0.001
N 170 136
GAG R - 0.26 0.39
P Q 0.001 Q 0.001
N 170 136
Fig. 4. Dividing the isotope incorporation rate by the cell
density gives a measure of the metabolic activity of the
chondrocytes. There was a negative correlation with cell
density for both (a) leucine incorporation rate per cell
( = 0.48 - 5.9 · 10- 6 cell density, R2 = 0.28, N = 170) and (b)
sulfate incorporation rate per cell ( = 0.041 - 6.26 · 10- 7
cell density, R2 = 0.31, N = 136). — regression; – – 95%
confidence; — 95% prediction.
variation was small and not significant, Fig. 4
shows that the incorporation per cell of both
isotopes showed an inverse relationship with cell
density, suggesting that cells were less metaboli-
cally active in regions with greater cell density.
joint loading
The measurement of joint forces, using a force
sensitive resistor, confirmed our visual obser-
vation that the joint closes in a posterior to
anterior fashion such that the posterior of the joint
is loaded before the anterior during extension.
However, once the joint was closed and a larger
load applied, the load distribution was much more
uniform. There was no statistically significant
variation over the joint surface and the measured
force averaged about 270 N when subjected to a
500 N load.
Discussion
It is widely accepted that a major cause of the
variation of the material properties of articular
cartilage is the different mechanical loading
patterns to which the various areas of synovial
joints are subjected. Early studies of cartilage from
human femoral heads showed that the indentation
stiffness was greatest on the superior, most heavily
loaded, region [17]. More recently it has been
clearly demonstrated in studies of human knees
and ankles that the indentation stiffness of
articular cartilage correlates highly with joint
stress [11, 12]. There are two consequences of this
natural variation in cartilage properties when it
comes to designing experiments to investigate the
responses of the chondrocytes to mechanical
stimulation. Firstly, systematic errors may be
introduced by the process of selecting groups of
samples from different sites within a joint. This
error could work in either direction—results could
be masked if samples were mixed from highly
loaded and less loaded regions, or enhanced if one
loading region was compared with another.
Secondly, the natural variation could be used to
investigate the mechanism behind mechanical
conditioning, i.e., how the chondrocytes regulate
the mechanical properties of articular cartilage by
adjusting the relative amounts of different matrix
components.
Measurement of the composition of a tissue,
such as articular cartilage, is not trivial. Because
water is an essential part of the material, and plays
a significant role in determining the mechanical
properties of the tissue, concentrations of other
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matrix components need to be expressed in terms
of hydrated mass or volume. However, the water
content can be rapidly altered by a wide variety of
external influences such as mechanical or osmotic
forces, or handling in air. Tissues may also swell or
shrink when placed in culture medium because of
osmotic effects and the structure of the tissue [18].
Removing excess water by dabbing gently between
damp swabs and weighing the sample in buffer to
prevent dehydration produces reliable and repeat-
able measurements in tissue that has been
equilibrated with the culture medium, as in these
experiments. Expressing GAG and collagen con-
tents in terms of both wet and dry weight made
very little difference to the ANOVA results.
Expressing GAG:collagen as a ratio removes any
dependency on the mass of the tissue, and hence
the water content, and this did show that the
centre of the joint has a significantly greater
amount of GAG for the amount of collagen than
the periphery. However, this also showed little
correlation with stiffness or creep compliance
suggesting that it is only one of the factors which
determine the mechanical properties of the tissue.
The different dependencies of sulfate and leucine
incorporation on cell density are a consequence of
the different metabolic pathways for these mol-
ecules. Leucine uptake into cells is an active
process and it is therefore to be expected that
incorporation rates would depend on the number
of cells and not on the leucine concentration at the
concentrations used. In contrast, sulfate incorpor-
ation is limited by its availability in the medium at
concentrations below about 4 mM [19] and would,
therefore, not be dependent on the number of cells
in the matrix. Having a low sulphate concen-
tration (6 mM) in the culture medium results in a
high specific activity and maximum incorporation
of isotope [20] rather than maximising cellular
activity.
In articular cartilage it is widely believed that
the GAGs provide the compressive properties of
the tissue while the collagen is responsible for the
tensile strength, and these two components tend to
be seen as separate. The basis of this belief lies in
early studies of femoral head cartilage which
showed a good correlation between creep compres-
sive stiffness and GAG content expressed as a
fraction of dry weight [10]. Subsequent treatment
with chondroitinase or trypsin produced a re-
duction in both GAG content and stiffness [17] so
reinforcing this conclusion. Similarly, tensile tests
showed that the stiffness in tension correlated well
with collagen content [21]. Broom’s physical model
of balloons in a net [22] has inadvertently
strengthened the idea that there need not be any
direct interaction between the GAGs (balloons)
and the collagen (net). Unfortunately, though
developed for illustrative purposes, this model has
largely been misinterpreted in structural terms to
imply that the mechanical properties derive simply
from physical entrapment of the GAGs in the
collagen ‘network’ and that the contribution of the
GAGs and the collagen are separable. Although
the GAG concentration does affect the compres-
sive properties of the tissue it is an unacceptable
oversimplification to separate the contributions of
GAGs and collagen as distinct entities. Indeed, this
study of a joint in which there is little site
variation suggests that the relationship between
composition and mechanical properties may be
much more subtle. The correlation between
stiffness and GAG content was poor and, though
there was little topographical variation in stiff-
ness, the range of values for GAG content, from 70
to 148 mg mg- 1 dry mass, were almost identical with
those found in the human femoral head [10] where
there is a larger stiffness variation. The small
values for R2 in the regression equations for
stiffness and creep compliance effectively show
that other parameters not measured in this study
are responsible for the greater part of the variance
in these measurements.
The hypothesis that cartilage is best considered
as a fibre-composite material in which the
orientation of the collagen fibres can be identified
with the directions in which the tissue can
withstand tensile forces begins to explain some of
these discrepancies [23, 24]. In composite materials
it is the interactions between the components that
are of primary importance as there is a require-
ment to transfer stress from the weak non-fibrous
component of the matrix to the strong fibres.
Calculations of the magnitude of the interactions
required suggest that a large number of non-
specific interactions would be sufficient for
effective transfer of stress to the collagen fibres
[25]. This, however, does not preclude specific
bonding between the collagen fibres. In this
context, some of the smaller components such as
decorin, fibromodulin and collagen IX (which we
have not yet measured) may have a more
significant effect on the mechanical properties
than simply the GAG and collagen content. Recent
studies have shown clearly that molecules inter-
acting with collagen in a model system, such as a
dermatan sulfate proteoglycan (similar to decorin)
and hyaluronic acid, increase the viscoelastic
moduli of the resulting gel whereas fibronectin has
no effect [26].
It is well established that applying loads of
different frequencies and magnitudes induces
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changes in the biosynthesis of matrix components
[3–7, 27, 28]. What is not known are the effects
these alterations in synthesis have on the
mechanical properties of the matrix. These effects
are expected to be small over the timescale of days
or weeks used for tissue culture, and to measure
them we need both a system in which these
changes are not masked by intrinsic variation in
the tissue itself and a sensitive test which can yield
information on mechanical properties with due
regard for their time-dependent nature. We have
developed a mechanical test, which can be used at
intervals during the time in culture, which
provides information on the time-dependent relax-
ation processes occurring within the matrix [29].
This study of tissue from the bovine CMC joint
has defined the small intrinsic variation in
composition and biosynthetic activity. The joint
surface is relatively flat and of uniform thickness,
making it easy to remove biopsies. This tissue
should, therefore, provide a suitable source of
articular cartilage for studies of metabolism and
composition.
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